FINAL REPORT FOR THE UNMANNED, SPACE-BASED, 
REUSABLE ORBITAL TRANSFER VEHICLE "DARVES" 

Volume II: Data and Calculations 


A design project by students in the Department of Aerospace 
Engineering at Auburn University, Auburn, Alabama, under the 
sponsorship of NASA/USRA Advanced Design Program. 


Auburn University 
Auburn, Alabama 
June, 1988 






















CONTRIBUTORS 


Scott H. Kester — 
Kathleen C. Madden 

Susan J. Spry- 

Tracey L. Touchton 
Christina L. Weaver 


Structures 

Avionics 

Trajectories, Aerobrake 

Propulsion 

Structures 



























TABLE OF CONTENTS 


Title 


Paae 



Sample Trajectory Analysis 

Fuel Analysis tor Various Mission Profiles 

Sample Plane Change Calculation 

Program for Fuel Mass Calculation for 
Hohmann Transfer 


Sample Calculation of Center of Pressure 

Number of Passes vs. Periapsis Altitude 
Number of Passes vs. Maximum Drag 
Maximum Drag vs. Peri apsis Altitude 

Program for Analysis of Aerobrake Maneuver 
through the Earth's Atmosphere 

Standard Atmosphere Tables 

Calculation of Thicknesses and Masses of 
Propellant Tanks 

Calculation of Tank Dimensions, Tank Volumes, 
and Mass of Propellants 

Determination of Weight for the Subsections of 
the Avionics Module 


11 

12 

13 

14 


18 


20 


22 


23 


Structural Load vs. Fuel Mass 
Acceleration vs. Fuel Mass 


24 

25 


Numerical Integration Program to Obtain 
Accelerations and Forces on OTV 


26 


Calculation of Static Margins for Sample Missions 

Calculation of Hydrostatic Pressure in the 
Liquid Hydrogen Tank Due to Acceleration 


31 


32 


Calculation of Propellant Tank Pressurization 


33 























Sample "Trajcc-iora 


ORIGINAL PAGE IS 
OF POOR QUALITY 


LEO -> CEO 


LtO 




UTO 


C £0 


?■' 



A ^r, 


Rc= 




/d*. 


037£. /*ys J2rr) 

3 96 * 3 . / 9 S S & n"S j 

2.092 S(ollSl tlO 1 -Ct 

(rrvUm eq'ua-tonal rod■ JLj 

57? 7G * /3* l/ kn 

9.09S*</0^ i fbO <V/r I 

C^asi o*' ea^-h ) 

6.6 72 */0" M /n V Kg-. ; 
2.939 > ! 0 ’ ? r d'/ibf-^ 
Cunvj&~£o>i a rocJ t G. . 

V ^ 

3. ^ 2 6c[2 * fC w ^ /r< 2 

I.V 07 MHU 2 ' 0 ' f fO/z f 

(qraj . for an '.A*.r) 


■'v 

. , # % 

" 2/0 - 2 70 r*aJ /rii = S I I ^ram S<_>riG^e, 


- ~ 3S7?<5 km - 2Z2 30> m] drern sur/exsce^ afeorrh, 


/ir EcJ- 


dram LLQ —* <5e"0 ; - r d^Tsxdton -far rdiem j 


dr . 

1 C<r d 


/.W 07 W&V 8 Z * / 0 ,( " j- ! 


TTr 

* V^ 




4 ? ^/’r 


^ ) /( . / 9 $T 6>3 + JN) p=r/ 


i f — • . ,v - ■ _ 

iiiO V;y 


- £idr?t7LX' J ^J 


-j - 1 ^ 022^30 mpb) 


dr, 






2 _X 


ajUre^ a r = ■£ (r, -f-rj.) 


&t~-z (j{< + h,-*■ Rc + hi.) - 2 ("2/^<.-+ h, + hz) 

r J- ^2 (3963. 1%SC3 rnt^+ 3lI "Vi -t* 22236* /n^ “ /S” 2 $£ .Vo <n 


^ v/W^ 

:; fT\ n Ifn 


" a T ) 


.'(iMcH'iytat :0 ■ - ’f- jr j) f0 ^)[fj ^ 5 . rtSSlJ? 37 D*^‘ 


!<Z&.-!0 j 




■» 3 Z 7^.23 - 2 2 ,$ 1 * 1'02 ^ph 

r '^or; ~ {2 2 31^-02 - n Oil •ld)rrpR ) - 

I 


S' 300.72 m 




























2 _/ 


23 ->- 2223 &' s )me tC 2 30 JO 


rr 5 , 392,79 


/x- _ 


3^6 9 2 . 2 I mp-M 


Afi 


l _Ai- ^ 7 _ 

4 R c +'m. J (■ s ^ 0 i ,cO~r Z 2 2 2^7 W? 

y ^ (p < J 

-(£r ~ ^ 


o^c 


£<. + b t. 


- lOOZl'^' 


aT z - ^2 °p ' 'teerc, - ( 3692 .?/-- - 3,2 SS. 07 />ip 




A - x sp 9 C 


; rr)x x , 
^ r+\L J 


~~~L So/onL /or rn 




fn* - 


C - r ^ 3 c 


ORIGINAL PAGE IS 
OF POOR QUALITY 


jl rjijxc rni^zr. co.cKjj^r'te " o/-fi-^ ^Q;-^ -/ex' bc< 

'JR dr j >€jCjhT o~ orvy, 


9 > 


= 9?l s -for -f'l'O-. MS-99 

- <-l(t>0 5 ■£' Al-J0 2 6 


ot'i' 
iSteu\r , 
caylo*Q 


- 6000 lb. 


6. _^Cy i m . . 
9, = (32. 2 Vr\si<&t 

- 2 \. c tSHStfk 


y 3CO0£Zi 

A" / br 7 


payload scenarios : 9000; 5000 j 10,000 lb. 


6 sSC‘. 

I. MS 




-99 j 10,000 lb pajloadL 

jf,. /)'-V ,o 65 o —> ATv/ lb eJhphcp! -bonder orbrl od- te 4 i O^.- 

_+j£i_. (-/br on QH-propc'ISfvC sni ssR- 

^ SlOOni-sgt j _\ 

w C^ooo lb) . 99 //.*™* 

m; -- 9 ? //- 69 zw /b 





















C^fV , 


07V ■-■l-'fZ-U'iC'i o^b<- orr 0T\J to Q <50 i+'joj 

* JJ> . 

3 23 S~>°7 \ 


/Oi = m/e, ‘ rs#> 9 


, </ja 
:/ 


OTV <ST £0 
* 

m 


iy$ /)(zi.9iVS\) / 

= (97(1.6927 /o) e s / 3^/64. ^193 & 

nv = (3,467. *793 lb 


ujfoiA ps^bad —r OTU ,r > <560 


r<\ n - PQr ''’-+■ paalcaj 


= (/3,46V. S793 + 10,000) lb - -23.767. S7<T " 


lb 


OTU m 6-eo ll>/ payload —* OTV in dhpht&l Jmnyfer orb*- Or 

ro: - rip 3 * = 


= (2 3 , 76 V.S 7?3 «>)€. 


m/- 3 i,«->r.ss*wi li> 


3 2 3 S .07 

cni)(2i7fWs)J 


= 3 J £ 75 .SSV/ 
; 


cny 


<0 d l,ph c-O.1 -frans&/~ Ofbt4- O-b pcSiejU^ 

& jjr, __ 

<T5oo -72 


6 -fcO cv/ po-jlCQci 


lb 


A S 300 - 7 Z \ 

r (zt.aS.Z&i (b)e ( <fK ‘'X- v - ets *8/ - £2,iS&-lS ll> 

rrws^ oT 0?V <-£0 c*Y pcu^toocl * -full 'itxnL. 

= r 2 ., 6 ^G .-72 fb 


mass of They ./or *0,000 (b. payload * £S-7V 


m 


Vu€/ 


= /Vz,GSb 772 - 6.000 -(oooo) 

— / 36 ; 6 ?" 6 >." 7 ? /b I c\lh prop*-' 


3 


ORIGINAL PAGE IS 
OF POOR QUALITY 





















r.j . / 
/ 


ORIGINAL PAGE 18 
OF POOR QUALITY 


t -fo ,/ 


y, ;rji- • 2.5 - r* c zhjr^:, *■ .>j 

* I 


l/* j^Cr 

: +o 


s Ci" ,i — 4 zr ( ( 


2<st 




<X b'T 


t •>/ yr. 

-\ .T 


at Jpc:.^- • *t 

n -/c £<r~uiui'\ 

i ncJ c r £ O. 


• Ad 

£ 


A 


+? 

'-fC 

p4a 'v^ 


-*'< \J |j r. —. 


= -2 nT i - 

A AT-io 

C*czju & r • . 

4rz>t -r Jt .tO' 

;r^* -7 VtTo 


~ ^ s<r "W f . I t ); p /) 

^ w 2 . ^ ^ • P ~7 i—A'j 

!X1 /■ - I 


= & ? ~l i. ' : niph 

Zs t ' 

'“AT ■* -K<> Joe* r.cr :* 
J ,! *- ..- 1 . 


U'JX^L 

r.cr- :K.».' 

) 

VAJ j j 

^ -*' • /• ' 

_y j a T / 

cr.u 

W 

4^.J'XjCw 

p ■ ^ r,^ 


~ 2 /j Cxr. 


-ter zircciac or'ens, 


rou&i pur-form pi arts Jr, a ■ pc- ck -r 

m^4cu',+ j^-f-tcr pz/~ftrrri ^jiS ic o^Cuiejr i 

orb< + z\r\<zy- rjepcJ' »ori ^oo<J for" Zjr z ufar 

£v"i>4i • 


= Z (; ?77 .?? 




3 Z c*. O E m /;{-, 


tKjt -iO^ji 
"jjr-J 4 rco 


* /- 


•o "o ^ j -rr c rr* P u4^, co z »2Jid 
■^o pJci»e£ !z» h— HO 


^ 3 pc j/OO 0 + -r^Co^rJ 

w 'M n { . ') ^r'.w 


.r nt- 

X < 


-tc C<r 


I on re > >o 5 ^ 0 . 


a / r 

2 


\J ; C ^CT-+0 \ 


t^. 2 " +■ 


^ Or Iv 'jtr ZZ. J 
iA~*D -2 • ^ ^ 


( 6 ^ £s*. - ) + 


1 2 2 T. c 7 ; ** 


H 4 ? i . C-y rv, 4 

























rogram FuelMassCalculation; 


onst 
At = 

80449776.0; 

{ft) 

Mu = 

1.407646882E+16; 

{ft A 3/s A 2) 

Pi = 

3.141592654; 


Gnot 

= 21.9545; 

{mi/hr-s) 

WDot 

= 31.185; 

{lbf/s) 


ype 

String6 = stringC63; 
ar 

DelVl, DelV2, WDry, WLoadllp, WLoadDown, 
WFuel, Tt, Tl, T2, T3, T4, WI, W2, W3, 
Al, A2, A3, AI, AF, AFuel, ASave 
Valuel, Value2, Values, Value4 
Code 


Isp, 

W4, 



E2, WI, WF, 


Real; 

String6; 

Integer; 




rocedure FindDelV (var Valuel, Value2: Real) 
const 


I 

| 

I 


Re = 
hi = 311.0; 
h2 = 22236.0; 

Hu = 1.407646882E+16; 
Theta » 0.497418836; 


(ml) 

(ml) 

{ml > 

{ft A 3/s A 2) 

{rads; 28.5 deg) 


VIPer, V2Ap, 




Real; 


I 




t 


I 

I 

Li 
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Rl, R2, At, VICirc, V2Circ, 

DelVCirc, DelVPlane 
egin 

Rl := Re ♦ hi; {mi) 

R2 s* Re + h2; {mi) 

At s* (1/2) * (Rl + R2); (mi) 

VICirc i= SORT ((Mu/5280> / Rl) • (3600/5280) 

VIPer := SORT ((Mu/5280) • ( 2/R1 - 1/At )) • 

Valuel := VIPer - VICirc; 

V2Ap •* SORT ((Mu/5280) * ( 2/R2 - 1/At )) * (3600/5280) 
V2Circ t — SORT ((Mu/5280) / R2) • (3600/5280); 

DelVCirc :* V2Circ - V2Ap; 

DelVPlane i= 2 * V2Circ * SIN(Theta/2); 

Value2 := SORT (SQR(DelVCirc) ♦ SQR(DelVPlane)); 
nd; 


(3600/5280) 


EGIN 


textmode(C80); 
textcolor(15); 
textbackground 





WDry s = 0.0; 
WLoadUp := 0.0 


( 1 ); 
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I : Isp : = 0. 0; 

1 El :* 0.0; 

E2 : = 0.0; 

I ' WI := 0. 0; 

WF :» 0.0; 

WFuel := 0.0; 

Delete (Valuel, 1, Length(Valuel)); 

B Delete (Value2, 1, Length(Value2)); 

■ Delete (Value3, 1, Length(Value3)); 

Delete (Value4, 1, Length(Value4)); 

■ Tt := 0.0; 

ClrScr; 

I 1 WriteLn; 

WrlteLn; 

WriteLn (' OTV Fuel Hass Calculation for Hohmann Transfer'); 

• WriteLn; 

WriteLn (' Auburn University, Alabama'); 

WriteLn (' AE 448'>; 

WriteLn; 

WriteLn; 

Write <' Enter dry weight of OTV in pounds and hit return key: '); 

ReadLn (Valuel); 

Val (Valuel, WDry, Code); 

WriteLn; 

Write (' Enter weight of payload to be delivered to GEO in pounds: '); 

ReadLn (Value2); 

Val (Value2, WLoadUp, Code); 

WriteLn; 

WriteLn (' Enter weight of payload to be returned from GEO. (If no payload') 

Write (' is to be returned, enter "0"): '); 

ReadLn (Value4); 

Val (Value4, WLoadDown, Code); 

WriteLn; 

Write (' Enter specific impulse of engine in seconds: '); 

ReadLn (Value3); 

Val (Value3, Isp, Code); 

FindDelV (DelVl, DelV2); 

El := EXP ( DelVl / (Isp • Gnot)); (Press Cntl-K-D to get out) 

E2 := EXP ( DelV2 / (Isp • Gnot)); 


(Main Calculations) 

(For All-Propulsive and Aerobraked Hissions) 

(Dry OTV ♦ Down Payload in LEO — OTV in Elliptical Transfer 
Orbit at Perigee) 

WF := (WDry WLoadDown) * El; 

W4 :* WF - WDry - WLoadDown; 

T4 := (WF - WDry - WLoadDown) / WDot; 
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{OTV in ETO at Apogee -- OTV in GEO w/ Down Payload) 


WI 

J s 

WF; 


WF 

: = 

WI • E2; 


W3 

3 s 

WF - WI; 


T3 

3 = 

(WF - WI) 

/ WDot; 

AF 

• s 
« 

(WDry + WLoadDown) * E2 

A3 

• 

AF - WDry 

- WLoadDown; 


{OTV in GEO w/ Down Payload — OTV in GEO w/ Up Payload) 

WI := WF; 

WF := WI - WLoadDown WLoadUp; 

AI := AF; 

AF := AI - WLoadDown + WLoadUp; 

(OTV in GEO w/ Up Payload -- OTV in ETO at Apogee) 

WI := WF; 

WF : = WI * E2; 

W2 := WF - WI; 

T2 : = <WF - WI) / WDot; 

AI := AF; 

AF := AI * E2; 

A2 := AF - AI; 

(OTV in ETO at Perigee — OTV in LEO w/ Up Payload) 

WI : = WF; 

WF := WI • El; 

WI := WF - WI; 

T1 := (WF - WI) / WDot; 

AI := AF; 

AF : = AI * El; 

AI := AF - AI; 

(Weight of Fuel) 

WFuel :* WI ♦ W2 + W3 + W4; 

AFuel s* AI ♦ A2 ♦ A3; 

ASave := WFuel - AFuel; 

(Time of transfer) 

Tt s« 0. 5 * ( 2 * Pi * SORT ((At*At*At> / Mu) ) ; (sec) 
Tt s= Tt / (3600); (hrs) 

ClrScr; 

WriteLn; 

WriteLn; 

WriteLn; 

WriteLn (' Dry OTV Weight: 

WriteLn (' Payload to be Delivered: 

' lbf'); 

WriteLn (' Payload to be Returned: 

' lbf'); 


WDry: 6:0, ' lbf') 

', WLoadUp: 6:0, 

', WLoadDown: 6:0, 
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WriteLn (' Specific Impulse of Engine: 

WriteLn (' Time of transfer: 

WriteLn; 

WriteLn <'ALL-PROPULSIVE MISSION:'); 

WriteLn; 

WriteLn (' Burn times: 

T2:4:0, T3:4:0, ',', T4:4:0, ' s'); 

WriteLn (' Weight of Fuel needed for each burn: 

W3:6:0, W4:6:0, ' lbf'); 

Write (' Total Weight of Fuel required: 
textcolor <1); 
textbackground(15); 

WriteLn (WFuel:6:0, ' lbf'); 

textcolor(15); 
textbackground(1); 


', A1:6:0, ', ', A2:6:0, 

' ) ? 


ASave := WFuel - AFuel; 

I WriteLn (' Weight of Fuel Saved using Aerobrake: ', ASave:6:0, ' lbf') 

END. 


WriteLn; 

WriteLn ('AEROBRAKED MISSION:'); 

WriteLn; 

WriteLn (' Weight of Fuel needed for each bvrw: 

', ', A3:6:0, ' lbf' ); 

Write (' Total Weight of Fuel required: 
textcolor(1); 
textbackground(15); 

WriteLn (AFuel:6:0, ' lbf'); 

textcolor(15); 
textbackground(1); 
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TABLE EE.—Continued 
GEOMETRIC ALTITUDE, ENGLISH UNITS 


Altitude 

Temperoture 

Z, ft 

H, ft 

T, °R 

I 

t,°F 

t,°C 


P f mb 


2300 C 0 

230500 

231 C 0 C 

231500 

232000 

232500 

233000 

233500 

23*000 

23*500 

235000 

235500 

236000 

236500 

237000 

237500 

238000 

238500 

239000 

239500 

2*0000 

2 * C 500 

2*1000 

2*1500 

2*2000 

2*2500 

2*3000 

2*3500 

2**000 

2**500 

2*5000 

2*5500 

2*6000 

2*6500 

2*7000 

2*7500 

2*8000 

2*8500 

2*9000 

2*9500 

250000 
25 C 500 
25 1000 
251500 
252000 
252500 
253000 
253500 
25*000 
25*500 

255000 

255500 

256000 

256500 

257000 

257500 

258000 

258500 

259000 

259500 

260000 

260500 

26)000 

261500 

262000 

262500 

263000 

263500 

26*000 

26*500 

26 S 000 

265500 

266000 

266500 

267000 

267500 

268000 

268500 

269000 

269500 


227*91 

227980 

226*69 

228958 

229**7 

229936 

230*25 

23091 * 

231*03 

231892 

232381 

232870 

233359 

2338*8 

23*337 

23*825 

23531 * 

235803 

236292 

236780 

237269 

237758 

2382*6 

238735 

23922 * 

239712 

2*0201 

2*0689 

2*1178 

2*1666 

2*2155 

2 * 26*3 

2*3132 

2*3620 

2**108 

2**597 

2*5085 

2*5573 

2*6062 

2*6550 

2*7038 

2*7526 

2*8015 

2*8503 

2*8991 

2 * 9*79 

2*9967 

250*55 

2509*3 

251*31 

251919 

252*07 

252895 

253383 

253871 

25*359 

25 * 8*7 

255335 

255822 

256310 

256798 

257286 

25777 * 

258261 

2587*9 

259237 

25972 * 

260212 

260699 

261187 

261675 

262162 

262650 

263137 

26362 * 

26*112 

26*599 

265087 

26557 * 

266061 


39*.728 
393 . 65 * 
392.581 
391.508 
390 .* 3 * 
389.361 
386.288 
387.215 
386 . 1*2 
385.069 

383.996 
382.923 
361.850 
380.777 
379 . 70 * 
378.632 
377.559 
376.*86 
375 .* 1 * 
37 *. 3*1 

373.269 
372.196 
371 . 12 * 
370.052 
368.979 
367.907 
366.835 
365.763 
36*.691 
363.619 

362 . 5*7 
361.*75 
360.*0 
359.33 

358.26 

357.19 

356.12 
355 . 0 * 

353.97 

352.90 

351*83 

350.76 
3 * 9.69 
3 * 8.62 
3 * 7 . 5 * 
3 * 6.*7 
3 * 5.*0 
3**.33 
3 * 3.26 
3 * 2.19 

3 * 1.12 

3 * 0.05 

338.98 

337.91 
336.83 

335.76 
33*.69 
333.62 

332.55 
331.*8 

330.*1 
329 . 3 * 

328.27 

327.20 

326.13 
325*17 

325.17 

325.17 

325.17 

325.17 

325.17 

325.17 

325.17 

325.17 

325.17 

325.17 

325.17 

325.17 

325.17 

325.17 


- 6 *. 9*2 
- 66.016 
- 67.089 
- 68.162 
- 69.236 
- 70.309 
- 71.382 
- 72.*55 
- 73.528 
- 7*.601 

- 75 . 67 * 
- 76 . 7*7 
- 77.820 
- 78.893 
- 79.966 
- 81.038 
- 82.111 
- 83 . 18 * 
- 8*.256 
- 85.329 

- 86.*01 
- 87 .* 7 * 
- 88 . 5*6 
- 89.618 
- 90.691 
- 91.763 
- 92.835 
- 93.907 
- 9*.979 
- 96.051 

- 97.123 
- 98.195 
- 99.27 
100 . 3 * 

101. *l 

102 . *8 

103.55 
10*.63 
105.70 

106.77 

107 . 8 * 

108.91 

109.98 
111.05 

112.13 

113.20 
11*.27 
115 . 3 * 

116. * 1 
117.*8 

118.55 
119.62 
120.69 
121.76 
122 . 8 * 

123.91 
12*.98 
126.05 
127.12 
128.19 

129.26 

130.33 

131 . *0 

132 . *7 
133 . 5 * 
13*.50 
13*.50 
13*.50 
! 3 *. S 0 
13*.50 

13*.50 
13*.50 
I 3*.50 
13*.50 
13*.50 
13*.50 
13*.50 
13 *.SO 
13*.50 
13*.50 


- 53.857 
- 5*.*53 
- 55 . 0*9 
- 55 . 6*6 
- 56 . 2*2 
- 56.838 
- 57 .* 3 * 
- 58.031 
- 58.627 
- 59.223 

- 59.819 
- 60.*15 
- 61.011 
- 61.607 
- 62.203 
- 62.799 
- 63.395 
- 63.991 
- 6*.587 
- 65.183 

- 65.779 

- 66 . 37 * 

- 66.970 

- 67.566 

- 68.162 

- 68.757 

- 69.353 

- 69 . 9*8 

- 70 . 5 ** 

- 71 . 1*0 

- 71.735 

- 72.331 

- 72.93 

- 73.52 

- 7*.12 

- 7*.71 

- 75.31 

- 75.90 

- 76.50 

- 77.09 

- 77.69 
- 78.28 
- 78.88 
- 79.*7 
- 80.07 
- 80.66 
- 81.26 
-B1.8S 
- 82.*5 
- 83.05 

- 83 . 6 * 
- 8*.23 
- 8*.83 
- 85.*2 
- 86.02 
- 86.61 
- 87.21 
- 87.80 
- 88 . *0 
- 88.99 

- 89.59 
- 90 . 18 
- 90.78 
- 91.37 
- 91.97 
- 92.50 
- 92.50 
- 92.50 
- 92.50 
- 92.50 

- 92.50 

- 92.50 

- 92.50 

- 92.50 

- 92.50 

- 92.50 

- 92.50 

- 92.50 

- 92.50 

- 92.50 


5**3373 

5.30882 

5 . 186 ** 

5.06658 

*. 9*917 

*. 83*17 

*.72155 

*.61125 

*. 5032 * 

*. 397*7 

*•29391 
*.19251 
*• 0932 * 
3.99606 
3.90092 
3.80778 
3.71663 
3 . 627*1 
3 . 5*009 
3 .* 5*63 

3.37101 

3.28918 

3.20911 

3.13078 

3 . 05 * 1 * 

2.97916 

2.90582 

2 . 83*08 

2.76391 

2.69529 

2.62817 

2 . 5625 * 

2 .* 98 * 

2.*356 

2 . 37*3 

2 . 31*3 

2.2556 

2.1983 

2 . 1*23 

2.0875 

2 . 03*0 

1.9817 

1.9306 

1.8807 

1.8319 

1 . 78*2 

1.7377 

1.6922 

1 . 6*77 

1 . 60*3 

1.5620 
1.5206 
1•*802 

1.**07 
1**022 
I . 3 q *6 
1.3278 
1.2920 
1.2570 
1.2229 

1.1895 

1.1570 

1.1253 

1 . 09 ** 

1 . 06*2 

1 . 03*7 

1.0060 

9 . 781 * 

9.5103 

9 . 2*68 

$.9905 

8 . 7 * 1 * 

••*992 

8.2637 

8 . 03*7 

7.8121 

7.5957 

7.3853 

7.1607 

6.9818 


Pressure 


in. Hg 


1 . 60*56 - 

1.56769 

1.53156 

1 .*9616 

1 .* 61*9 

l .*2753 

1 . 39*27 

1.36170 

1.32981 

1.29857 

1.26799 - 

1.23805 » 

1.20873 

1.18003 

1 . 1519 * 

1 . 12 *** 

1.09752 

1.07117 

1 . 0*539 

1.02015 

9 . 95*58 - 

9 . 7129 * 

9.*7651 

9 . 2*518 

9.01887 

8 . 797*6 

8.58089 

8 . 3690 * 

8.16163 

7.95918 

7.76099 - 

7.56718 

7.3777 

7 . 192 * 

7.0112 

6 . 83*1 

6.6609 

6.*916 

6.3262 

6 . 16*5 

6.0065 • 

5.8520 

5.7011 

5.5537 

5.*096 

5.2688 

5.1313 

*.9970 

*•8658 

*.7376 

*.6125 - 

*.*902 

*.3709 

*. 25 ** 

*• 1*06 

*.0295 

3.9211 

3.8153 

3.7119 

3.6111 

3.5127 - 

3**167 
3.3230 
3.2316 
3 . 1*25 
3.0555 
2.9708 
2 . 888 * 
2 . 808 * 
2.7306 

2 . 65*9 - 

2.5813 

2.5096 

2.**03 

2.3727 

2.3069 

2 . 2*30 

2.1609 

2.1205 

2.0617 


Density 



lb ft* 



5.36268 
5.23939 
5.11862 
5.00032 
*. 88**5 
*.77096 
*.65980 
*.55095 
*.***35 
*.33997 

*.23776 
*.13769 
*.03972 
3 . 9*380 
3 . 8*990 
3.75799 
3.66803 
3.57997 
3.*9379 
3 .* 09*6 

3.32693 
3 . 2*617 

3 . 16715 
3 . 0898 * 
3 . 01*20 
2 . 9*020 
2.86782 
2.79702 
2.72777 
2 . 6600 * 

2.59380 

2.52903 

2 . *657 

2.*036 

2 . 3*32 

2 . 28*0 

2.2261 

2.1696 

2 . 11*3 

2.0602 

2 . 007 * 

1.9558 

1 . 905 * 

1.8561 

1.8079 

1.7609 

1 . 71*9 

1.6700 

1.6262 

1 . 583 * 

1 . 5*15 
1.5007 
1 • *606 
1.*2 19 
1.3838 
1 . 3*67 
1.3105 
1.2751 
1 . 2*06 
1.2069 

1 . 17*0 
1 . 1*19 
1.1106 
1.0800 
1.0502 
1.02 12 
9.9287 
9.6535 
9.3859 
9.1258 

8.8729 

8.6271 

8.3680 

8.1556 

7.9297 

7.7100 

7 .* 96 * 

7.2887 

7.0866 

6.6905 


5.3868 

5.2793 

5 . 17)7 

5.0660 

*•9622 

*.8603 

*•7601 

*•6618 

*.5653 

*.*705 

*. 377 * 
*•2860 
*•1963 
*.1082 
*.0217 
3.9368 
3.8535 
3.7717 
3 . 691 * 
3.6126 

3.5353 
3 . * 59 * 
3.3850 
3.3119 
3 . 2*02 
3.1699 
3.1009 
3.0332 
2.9668 
2.9017 

2.8376 
2.7751 
2 . 71 * 
2.653 
2 . 59 * 
2.536 
2 . *80 
2 . * 2 * 
2.369 
2.316 

2.263 
2.212 
2 . 161 
2.112 
2.063 
2.016 
1.969 
1 . 92 * 
1.879 
1.835 

1.792 

1.750 

1.709 

1.669 

1.630 

1.591 

1.553 

1.516 

i.*eo 

i.*** 

1 . *09 
1.375 
1 . 3*2 
1.309 
1.277 
1.2*6 
1.211 
1.178 
1 . 1*5 
1.113 

1.082 
1.052 
1.023 
9 . 9*6 
9.673 
9 . *05 
9 . 1 ** 
8.891 
6 . 6*5 
8 . *05 


7 . 0*65 

6.9033 

6.7626 

6 . 6 ?** 

*887 

6 . 355 * 

6 . 22*5 

6.0959 

5.9697 

5 . 8*57 

5 . 72*0 
5 . 60*5 
5.*872 
5.3720 
5.2589 
5 . 1*79 
5.0389 
*.9320 
*.8270 
*. 72*0 

*.6229 
*.5237 
*•*263 
*•3308 
*.2370 
*. 1*51 
*• 05*8 
3.9663 
3.8795 
3 . 79*3 

3.7108 

3.6288 

3 . 5*8 

3.*70 

3.392 

3.317 

3 . 2*2 

3.169 

3.098 

3.028 

2.959 
2.892 
2.626 
2.761 
2.698 
2.636 
2.575 
2.516 
2.*57 
2.*00 

2 . 3 ** 

2.289 

2 . 23 S 

2.182 

2.131 

2.080 

2.031 

1.962 

1.935 

1.688 

1 . 8*3 
1.798 
1.755 
1.712 
1.670 
1«629 
1 . 58 * 
1 . 5*0 
l .*97 
1 .*56 

l .*15 

1.376 

1.338 

1.301 

1.265 

1.230 

1.196 

1.163 

1.130 

1.099 
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TABLE HZ— Continued 
GEOMETRIC ALTITUDE, ENGLISH UNITS 


Attitude 

Temperature 

Pressure 

2, ft 

H, ft 

T, °R 

t.°F 

o 

O 

P, mb 

P, in. Hg 

p 

Po 

27 COOO 

2665*9 

325.17 

- 13*.50 

- 92.50 

6 . 788 * 


3 

2 . 00*6 


* 

6.6996 

- 6 

27 C 50 C 

267036 

325.17 

- 13*.50 

- 92.50 

6 . 600 * 



1 . 9*91 



6 . 51*1 


271000 

267523 

325.17 

- 13*.50 

- 92.50 

6.*176 



1.8951 



6.3337 


271500 

268010 

325.17 

- 13*.50 

- 92.50 

6.2399 



1 . 8*26 



6.1583 


272000 

268*98 

325.17 

- 13*.50 

- 92.50 

6.0671 



1.7916 



5.9877 


27250 C 

268985 

325.17 

- 13*.50 

- 92.50 

5.8990 



1 . 7*20 



5.8219 
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- 13*.50 

- 92.50 

5.7357 



1.6937 



5.6607 


I 273500 

269959 

325.17 

- 13*.50 

- 92.50 

5.5769 



1 . 6*69 



5.5039 


27*000 
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325.17 

- 13*.50 

- 92.50 

5.*225 



1.6013 



5.3516 


27*500 

270933 

325.17 

- 13*.50 

- 92.50 

5.2723 



1.5569 

• 


5 . 203 * 


275000 

271*20 

325.17 

- 13*.50 

- 92.50 

S . t 26 * 

- 

3 

1.5136 


* 

5.0593 

- 6 

275500 

271908 

325.17 

- 13*.50 

- 92.50 

*. 98 ** 



1 .*719 



*.9193 


276000 

272395 

325.17 

- 13*.50 

- 92.50 

*. 8*65 



1 • *312 
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*.7123 



1.3915 
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*.5819 
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27 * 3*2 
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*.3317 
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*•1568 


279000 
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*.0953 
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275803 
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- 13*.50 
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3.9820 



1.1759 



3.9299 


280000 

276290 

325.17 

- 13*.50 

- 92.50 

3.8710 

— 

3 

1 . 1*33 

- 

* 

3.8211 

- 6 

26 C 500 

276777 

325.17 

- 13*.50 

- 92.50 

3 . 76*6 



1.1117 



3 . 715 * 
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27726 * 
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- 13*.50 

- 92.50 

3.6605 



1.0009 
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277750 
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1.0510 
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2816 ** 
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- 
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6 . 52 ** 

- 
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2.1805 

- 6 
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- 92.50 

2 . 1*83 



6 . 3**1 
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- 13*.50 
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2.0890 
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287*81 

325.17 

- 13*.50 

- 92.50 

2.0312 



5.9982 
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325.17 

- 13*.50 
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1.9751 



5 . 832 * 



1 . 9*92 


292500 

288 * 5 * 

325.17 

- 13*.50 

- 92.50 

1.9205 



5.6712 



1 . 895 * 
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2889*0 

325.17 

- 13*.50 

- 92.50 

1 . 067 * 



5 . 51 ** 



1 . 8*30 
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1 . 7*25 
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325.17 

- 13*.50 
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1.7168 



5.0697 



1 . 69 ** 
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290885 

325.17 

- 13*.50 

- 92.50 

1 . 669 * 


3 

*.9296 

• 

5 

1 . 6*75 

- 6 

295500 

291371 

325 . 5 * 

- 13*.13 

- 92.30 

1.6232 



*. 793 * 



1.6020 


296000 

291857 

326.36 

- 133.31 

- 91 . 8 * 

1.5785 



*•6613 



1.5579 


296500 

2923*3 

327.17 

- 132.50 

- 91.39 

1.5351 



*•5331 



1.5150 


297000 

292829 

327.99 

- 131.68 

- 90.93 

1.*930 



*.*068 



1 .* 7 J 5 


297500 

293315 

328.81 

- 130.86 

- 90.*8 

1 .*522 



*.2082 



1.*332 


298000 

293801 

329.63 

- 130 . 0 * 

- 90.02 

1 •* 125 



*.1712 



1 . 39*1 


296500 

29*287 

330.*5 

- 129.22 

- 89.57 

1 . 37*1 



*•0576 



1.3561 


299000 

29*773 

331.27 

- 128**0 

- 89.11 

1.3368 



3 . 9*75 



1.3193 


299500 

295259 

332.09 

- 127.58 

- 88.66 

1.3006 



3 . 8*05 



1.2835 
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2957*5 

332.90 

- 126.77 

- 88.20 

1 . 265 * 
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3*7368 
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1 . 2*89 
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Density 


p, lb ff * 

A 

Po 

8.172 - 7 

1.069 - 5 

7 . 9*6 

1.039 

7.726 

1.010 

7.512 

9.823 - 6 

7 . 30 * 

9.551 

7.102 

9.286 

6.905 

9.029 

6 . 71 * 

8.779 

6.528 

8.536 

6 . 3*7 

8.300 

6.171 - 7 

8.070 - 6 

6.001 

7 . 8*7 

5.835 

7.629 

5.673 

7 .* 18 

5.516 

7.213 

5.363 

7.013 

5.215 

6.819 

5.071 

6.630 

*•930 

6.**7 

*• 79 * 

6.266 

*.661 - 7 

6.095 - 6 

*.532 

5.926 

*•*07 

5.762 

*.285 

5.603 

*. 166 

5.**8 

*•051 

5.297 

3.939 

5.151 

3.830 

5.008 

3 . 72 * 

*•870 

3.621 

*.735 

3.521 - 7 

*• 60 * - 6 

3.*23 

*.*77 

3.329 

*.353 

3.237 

*•232 

3 . 1*7 

*• 115 

3.060 

*.002 

2.976 

3.091 

2.893 

3.783 

2.613 

3.679 

2.735 

3.577 

2.660 - 7 

3.*78 - 6 

2.586 

3.382 

2.515 

3.288 

2.**5 

3.198 

2.378 

3.109 

2.312 

3.023 

2 . 2*8 

2 . 9*0 

2 . 106 

2.858 

2.126 

2.779 

2.067 

2.703 

2.010 - 7 

2.628 - 6 

1.952 

2.552 

1 • 093 

2.*76 

1.837 

2.*02 

1.702 

2.330 

1.729 

2*261 

1.677 

2.193 

1.620 

2.128 

1.580 

2.065 

1.533 

2 . 00 * 

!.*68 - 7 

1 . 9*6 - 6 

'AGE is 


UAUTY 


ji 


M'* 










































< < < 

Dra 

330 

*■></! v/> 


ixr 

ooo 

-ICO 

— 

< 

— 

CO OD CO J 
■inn - 

t * r*<N r 

*'*'* i 




<X- ^ K./I 0^1 ^fT^i ck.he.SS Al<lS£ 0+ f^opd-l \etr%k. 'Tclhk^' 


P e-t er^ l ^ e^ai ~Tol^. k pr<? <> £ u re. t '. 

LH Z '. 3#|>si at 'tknK koftosyy (ryy<ZXI rv^U.r> \J 

LO 2 _: PZpsi <ct side 

H %. C Z’ aft -pAnK Lotion 


«*** p age is 

0e P00R OUAury 


“Po it /\l lASi^'l y\ JLrr^ 


2211 Tt7: 4 7-j OOO psi 


7 . &o w S I d &'* r i h & ■the- LH-Z. 'To. s'. P • 
-- 

Por <A~ Sj>ke-s-i c*l tr^ssk : Y'i^e 


PR 

‘ Ze-t 


0 

(&&.) 


y.r ; ^ 


Ta cPor o"P S ‘ Z ' feP ^ o ' f ' /.£"""* 
4,? OOP esi __ <^ gos'lY'g&.S 


- ' 2 -fc 

-b = . D 3 4> 7 m 


/ y - a - 2 


-pb 


L P '2 ' t'A P 1 ■=• /? V 4 " 

V = £fc 


S '- 7 rtR 2 — HTC (< Z ( o .- 22 mp 
V = 5-b = P?3, 7 /7 /n 2 /. 7 /> 

^-=z. n\/--=- (. 2?. p 

l^Vl — 3 H 2 • 2* /bfcV-1 


- 72 ^ Hit - fit 1 
= 3,^2 ff - 1 /Vr 
- 3 


irr \ 


2 . Co ^ 2 .i a ( en ^ tfh \ e . _ b - Q ? Tank '. 

•^or Ayi jbla.-te Spteroid ‘. — 


^ = 


Pk 

-b 

PR* 

2bb 


[I' 


2U 2 


b o / i o t^s O f ” / At y *, R 


< /<s( e 5l fa. r^.p P 

_L L - b £«-k 


0 


^• ( ^<iliK\a -tkick^eSS ■f'rorv^ ea.ck €-^«- 7 /o#-v To ^ffar/n/ht 

v/*Ue.^of -a r~£ A*f <eS.-P -kkl ckis\e. SS /\2.<3 tci r'-c cX s <xtr>cL U.S( y\a 


>s*.( *e, ^o-tr <5i r~e a*P es."P -kki c-ktr.esS (xi rc ) «.nci usp 

^ -f*.c‘bor o-f fi>7 k S '- 

^kOtO ps i __ (H2ps<X 77 ^4 i*) T» _ /6r?.g4ik> z 

l- s ’ -b L 1 \^(3?.13W S 


. \Z 


= . OS?C> in (ectf Side) 

6 _ ^^. SpsiX 77 . g 6 / P) z 


,,J ^(3f.13 i»Jttr 

df ~ == . O *5 7 P / m ^ A."T 7<t>n kf L oft o 

•’- b =. 0 Z i iZir < 


10 




















<<< 

3 X => 

ooo 
(/>»/) «/> 


UJ IH LU 
UJUJIU 

XXX 

ooo 

woo 

— <N 


imo i > S 


T '/'he i-CL 'be.s'.k. • 


/V7 = P V" 

V = s-t 


ORIGINAL page is 
OF POOR QUALITY 


S = Zrrra* 4- rr 


$ 0 I 




•for <5^ 1 'cccer-bri c 4^ " 1 ^ ~ec) 2 -hi 

*■ - */- 


. $cco 


Zrr(??.?(,; n ) z f 


■ 3 j . fJ / KI ; 


/— . 


s 


V 







S -fc = (£ 2 , £-=t -0 = H-J 4 H 2 . (3 m 

o V=o (, l \\,„j H, H 42. <r ? ) •= V 4 / 4. 2 

: HHH.Z IL* 


3 • To-huf ?ro»elU* 


* r\ /C Al <1 £ £ • 


Kr 


Z - H ; 




-4 *n, „ =r 3 4 2. ?IL*-b H4H-. 2 )l 

uo *+*~< 


rr 




- T-sT^. 0 /h 






















uj ujyj 
or <* at 
<<< 

ooo 

s/3 sft 

^ *-• ►— 
yj I^JUj 

lUk^Oi 

n: 

»/>«/> i/i 

oco 

wo 

—<~n 

— MO 
<X> QO tt 

r«r>*<N 


1 


1?/*v\£KSl0h \/dIia.*t\€~ C>*.\cu. I art 1 8<^ S for Vrope-1 (n, ks 

- ~ - - 2 t *-<£-'- 6 < t / c * cl < cH'«n •®- 7 *- H 2 i ^ l > " eii - in s t '^ 7 H*SX 

S ; ; c X icxrc o nk t 'f'o 2v ^ Xl / rs-\ u Py^ 

V /I p\ *"PA^ Sk l C locLLj ) / • £ . A ia/^ei'e^ 

n . 1 . 


r:>jCn - f * n K w<*-S 

<X ! OLSY \ &~ t £- IT ' \ Aji ^\ ) cl ^\ W o oL l < k ~ 


tL / a/viefe ^ va/A / c/n wo i/( X -V /"£ i nA^ “-vt / e ba-ij ) l • ^ cf^ia^ 

o*r /£ -p-4 . # <l(c a. K'a.nce. of tusf over 0 • 3 -f-4 c/n <*2/ sides w'a s 

Oili a \ jJ(L <L • 

- 26.22 


Dm 


»nK 




trr* 


In 

Z ^ ftr . 


3~rr( — l?'* 1 ) 


Vl 




-4 




i.SSZ. L^ 3 



r 





r Xi, 


-Pft IZ ^ P ro ^ dk 

__ -tk £ 

<7 

Ph^ 

Sll^-fO Kj 6 , % k ^.3 U ,^ 


(>i0.%%f z Jf/5^2. £& 3 X‘ oZ< * ZZ -&) 


(o { t o 2 . !: c 

\kn. 


/ 1 ^ o 2 — Hr / ^ 032 . 2 ./ 6 m 


M 


°2. 


>/V\ 


z r . ,«< 


P°7- 

■^ W , — . ( L > . Z ^ v \ 3 


H l, 032.2 10 

,/ 4 *l \ 2 . T . oifl ' ZH , 


I I r* 




I 


+* / 

v.# *i<-. 




9^2. I -Pi 




<6 k 


* -Z 

• ^ / 

X 1 5 -TO <a 

I 

,V 


p ^ ^ CL i { XJ — S’ b 4 £> 

L -() ? ' A<z ^ M . 4 . p uri c ^. • 


.2 j /« ^ ^ «. j ur a. s i 5 “P ® S £ i ^ 

Ire re*m Por ^ 


1 r *-~ i o o 

£. #" V “\ I . ‘ ( ^ V '. » rf . ^ 

S ki ^ 


; 


— 3'rr ^ z (= - 

922 . I K 3 - % re -%r 
r =- a . ■=. 6 • % f f 

L ^ 3. 2^^.^ 


ju 


3 -nr 


R"(-4r) 


p ^.«L f&f*-( yv\4. S £ o f~ XJm 


^0 X -P AJfi 

•^T' -f 


I ” 


O-^vT S • 

HI, 03f .2-/i**w + c ; ^6 2*3 li 

M-^,1 00 !L^ 


0RIGIMAL PAGE IS 
OF POOR QUALITY 


22 





















ORIGINAL PAGE IS 
OF POOR QUALITY 


' o I c J i 0 hi/ 
6* c rf: A . 


Gijpfccde t/Miqut Jc hhe 

I - f 7 ■ j & -9 \ J 

P - £ \ P ' P C- ) 


0. J top i{ £ 


o 



' Jp/ r IQjs 1 : 


ShwftO poi/Mf t plant (Worn cokicp VAZV&S 

5Cal<?d doiptT; f uopaqas ZOO Uq 

bu+, ouf jbc\lnitfjju*lrt iuud czJLQ io 4 ib ltvu 

m u-H i € b J ■£'■&/\c : fjJ t ) 


hyp pc P!qs i i 1} p 5 !2(op/ 

OZti/ 7 ) ( ft'blkuu ) ^ 


200 9 0 t to ■=■ 104 {b 


p : ar - -'y/ yfiPuTi /k. 

to p 3 Ju^r p ‘QJsa /ise/f , 

5 /£. j 

ShuU/c 5h/l'cfupe /J-omi 




S hu4h:e 


Com, 

hj€ I 'St I tojtpi „ P\ . 


c/ r 0 - '£ aJ£/~ > ■ - 


i 

-- 3 A (/04 /b ) = 7-0 |b 




0 


Pb\b +- h ]h Pp){Ctbw) 


i oi a \ Pa up ! ft kjuvl i UjjupC -t 
__ 0 


(24 lb 


m i//> 


5 < 2 e 6 f im cYq^ b^fie/o( 


2* o <v *7 7 r. •' Cx.bPyP Z 

Z,'cp jh.h of hj/z Ot't 

O' 

(j) 0•/' 4/)c <2 cfrc/ i,on fro i 


: ^ / 


h /i oio^ •. 


&tt\h 0^ \kj/u_o!/{i wf|( he kMa 


2 Co \z 


5 Sftibs 


fbWt 44 4 p 


44 2 10 s 




















ORIGINAL PAGE IS 
OF POOR QUALITY 







































I 

I 




W'GINAL p A6e 
0F POOR QUALITY 


























ORIGINAL PAGE IS 



faccerl-efci-hc 


OF POOR QUALITY 

Xv\ - t«e Ufpstwi To C^l CwU^ 




a 

|<000 j(, 



-i « ’ •' "* 

T j *1 ’ • ';- 

r^rriRCE 02 

1 

hi p r> r~- p - |_4 •“ 4 : ^ «-.— ^ c* 

f L 5 3 ! f; 1 . :" UF 

r- 

“^.APT" 

jj. ? •-: t :> ; • > * ' : _ 

• . i - 4 ,• ! V ^ 


1 4777 B 7 . 4 “ 7^ 1 3 x A,“7 

-i — rr “ ~ —r rr 

7. 

3* -* 1 To ~~ 

Lr . r/ V 1 "T. 

/ .'l -/~-i j_r rj: y -4 ’> - 1 ” 1 • 

3 a 3 322 3532, S39 

8 R —. •-—r c. A 

—r 

.* -t a /• TS 

. . f—. .- •. .—. .-. r-. 

•i riT ,-”-i -***. v . t“ -- —. yn 4 

v t _y * _ r f > 2 7 —A dT * f — ■* 

7’ 7 . T -O _ti_ e t i T ■*_i 2 ‘. _ v. t *._ 1 - .*•* -_' 

1 35“9.9 1 

—i 

rr------ -■ 

,.riir: : r 

- ’ - - ~ *- •_•_ - z. 

i* “ 4 * : / y, / -* “ : , > 


-7? 

__ 3 T ,~3 3 _ 

i i : 7 . : \ 

-• •-•- .v. O ~ r±_ "71' O 

a=l ^ 7 ~ ~7 p» 7 y O y —7 -7 “ 

193 /.. 7 7 9 


’'“■‘T - -»■— - - - 


—r - 

v % 4 '7 *"" 7 i_ : ;*"• i L "- . y. 4 ’ _ ' -■% ^ 2 

^ d “ j i 

6 ■ Mf : - 7 ^ J iRl r ; ~: - 2 - 

—T 

—--T - 


v t *"1 CT A . ~ « 

f 13 a, 591 3621 a 503 

- 773 - ^ 7-0 


3 : -t ~ 

- 

v * ‘’"R *""» r“. ^ 

V ** A 1 4 ~ 5 ” ~7 i- ~T 9 "T 

: '7 3 — 7 . 7 , 


.-- -- -..- . ... 

•- 

^ 8 4 47,. “3 3 

>• -j /? -i -j o Z- “ / ~ “ “7 

^ "p 2 1 K R T t ■■ ■ /■ *12 T_ ‘ ~ i. ^9 r !_ / 

4 77 7A 7-*“, 

; 1 . 1 4 




•i : .-2. '■ A -TT; i. ~ r 

“* 8 _ : * 9 ‘ ' *i~' 7 ' 2 ’ — ?o 4 *. : 

i » # —- * ■ •. i ■ ~ — 


—T* -*7 0 


0 •“ V y_. 

A- 7 *■’» 7 t .7 5 1 3 4 7 5 . 7 O 3 

-f — =r -~ -* - 7-1 

J_ ._ 1 A_ •. - / 

~ ~ 

•! " 7 J T‘ ~ 

- 

-• i"3"' “• " Jz ■“*. 7 ? 

>- t -‘ -“i “f / -T " “• 4 j -* i 

^ .* yZ 4 8 ‘ *• 4 ‘‘ 


^ - - -- 

.a 

xQ“T7 A ~nr ~ 

70:. i --j 1 ”77"" 07/, 

? -re .--i a. --■’ 4 

A -_• w E “V A 

. - 

;p* 

; 

"■. p. /j 

if. "1 "7 O' o ■”■ ■» £ ”*■ ~r cr ~ ” •“ 4 

-s -T /; T*. : .p 

•» *—* * a-. y- ___ j_ 


9 9 9 v 

'- 

x 0 T r* 0 /? O 

V -• ~? *~! i~*i ■“!:”! -f "7 ’ 7 -• A A :“t 

CT w 1 r _C -- i- _■* / / O- c ' A .- 

v ■? “ : • .-1 /- I 1 "V rr •—.■ : —: --'i 

4 j; .7 —7- 7 . 

; § *-!■ .■ .^. 4 K 

•J ( *j - T - ?**» .• 


... -. .j — —y 


>1 ’>8 *i 3, -p ~j 

-* ' m rr~if\ T ^ l Tu 1 ” DO “7 

• ■ -L *_■ w X _L u —' u. -Z- * 1 ‘ y_ : 

j .1 Jt ” 

i ' % / a 4 HfZ. 

X ‘ : / t s w ; 

'■ - 


* 

r» R 

al -« 77 7 /. 9 . 0 . 3 H 3 7 ■* -4- 4- 

i 7' 4 ♦* =-- 7 4 

— 

_ X ' p 

■v; 

■fr %_ _ .* ~ 

—- — •— -i ..-j “T <“ “ ~r C ■? “7 

- j. _• .• w c A -- ‘-- 1 ■_• a> w A / 

4 7 4 *7 O ~ 3 

A 5 » w a w‘ w 


~ -fc * ~ ~~ 

--• 

~ —-7 ~ — 

-S- -* "7 2 O* T 7 "T O "3f /s T* -j 4; 

A. •** yj l *J a -_ T JL w / a at w : .1 

•x 9 /i »* % - : 

j. ; : w » X 


-*rr : — - 

■.- - 

2,'_ -7 " C7 ‘ v f 77 r "~-8 8 

■?r 1 3 A«3 „ 9 c- 2 3 '3 9 5.32 •• 

1 74 a 1 0 ••'-• 

A ->_* 7 “7 A a 7 ' _' 

* ~ 

r 7 —7 ~ ■; .*— 

-•r*. 

't ~ _j. /L 

V ! ““O 9 7v*' 7-7 1 A 773 

i T ^ ^ ^ 

-- 

“ . • 


'■■■ _;• _ _i. * cA .i. ^ 

x ■* ■• *— >— ; .*1 ■—. 7u : 7 7 / — 7 

A c ~r w ; 7 -• ■ > ~ w 

174 04 Q -*•. 


-/ -A * . 


7i. O *i ■' 7' ; ' 

*• •_■ J. w*w 

- rr — * *—■. /] -y .—; rr —• *r- rr ji 

-' f ^ ^ i"^ ■ ■ ^ » t 

1 C’ 9 X O a A 5 


7* ' _ ' mm 


*S*i5V.- : .- - - , ~> An . •’ 

-A 1 “A — A34. "7QA; 7‘A-~ 

X ‘4 '4 / » u4 J- 


— -, -r ■— 


C 8 . 1 ■ ..• - p- ^ j. _; 

‘•7 a -_- A- x_ t w c 7- * r A - , y 7 i 

1 3999. .OP 

a 

641 681 


y. w T r i “ tT‘ ; _, 5 

- ' ■— 1 -i— w m •—■ *■_■ 

y. 8 * ' T ™7 "V 4 .* 7 * ^ * . T L-| 

4 7 7 Q O 7 4 

— 

* j - —- 

-> 

'V* -- 1 “: »4 t~t - i ,*8 / 

~ _ fc ’ > 37 3 - fc ^3 

j* -j -pr p rr; A Q 7 1 9 

r 4 ,* # 2 > 43? ^ 

j—. 

„ 1 • ‘ * 

A 

a: 7971.835 

jfc. i ~7 1—1 O' £ 3* A ” ■*• “ ■* f~y ~~7 

j 7 ^ r % ^ ^ • ♦ 1 a * ‘ ^ . .* • t / 

A A / A a w’ / 

■ "j 

i ~ £*: ; ~7 . '* 


.-■ .-*. -i i ”T 

js. -t 70 " f"‘ A 'I --*• 9 A 4 . ^3 d£ 

A -A C : LA A « 


. L 'l r~ T ; : r * . . 

'±- 

v ' • ; n / EAT 

? r j, 3j ^ ^ ,* 

4 7 1 O 7 10 -i Al 1 1 7 37 : 7 

n “T “T C •”> ”1 

A _* ■_* w> A- a T / 


7 ■ 8 *.7* * 


v > i * i**lr ’T y Cl 

“4; ; t . . : j 

x-j 7' A 9 A C •-■ -- 1 /* 4 4 =* 9 

x —r- r 

*- m 

■v a i O 

A 

V 7 f“ ZZ r *f *T r 

* / ' ' = ' 

-¥-1 7 •*■'. O QOJ Zl ■* A ~ j ~ j i— 7* 

t . ’i. '»4i. « j t 

— 

"'l f J > -T 


•^7830= 007 

4 7 7 - 7 A> f; 7 A 1 :A 7* 3 *" 

w pr “T 7". .■» *7 ,—p 

9 

O •..*—? . * O 


j f ~2 O *“v TLj C7; 

^ -? — r> r* t~zi 7 t 71 1 

77 4 4 nr -: 


r~- —. ——r . 

•=:. 

-AT'T’? /l “8 

y 4 “ 3 ? ; i t_P _ *“ 9 * A*. 4 /| 7 7 O 4 2 t— 

•. V f “? t‘ -w 1 

X -.. ! ^ » X ^ 




X / y" ^ ■ ■ — 7> '88* 7 • 

t- '■ 290 „ 1 37 zL 7*A3.511 

j -T .-n .“o if r^* 

1 jzT^t ft 5~r 


r ‘ - ,*■ ■ 8 . “ /» 

> . 

-; “7 i X\ .-7 "7 ” 

^ V X 3 / V—* 

v 1 333 a i 3-6 4288 3 855 

13284,45 


"*7 _8 *• ■ 8.9 _ 


a: 7679 * 699 

- “ 7 7* 7 s 7 4 7 1 4 pp~) 7 

17074 1 Q 

3 - _ 

■* ■ ' v **' r.T*' *• 


y T 3 O O u** ZT *7 

, . t t'“ ta • i .*' 

- •—•-r.’? :r .<i ? fl f * Acr-r 

■*-“ A —- 3 a •_• V' s *_ “t » * w‘ / 

1 7 -O 47 p 1 

A w w O •_• c D i 


" 7 -Op ■ 

>’ 

4t “7 *j T “ C* 

” / l —? y • r '-. __. 

*ri790 ““7 ZI ^ A A 7*77 

■ A j— • : -• « wT %_* 7 A- x w •_' c / jA / 

X r • i O: c *2 

; 

:. “*-■ ' 


" r C- cr 4 n f % 

4 3 “ .* .^r -* 3 T rr /*» r*i? t .* 4 / 

r 2 2 *7^5 x 2 .„•■ •_ - ^ : - 2 * O: .l / 

•I TD /5 O C ~ 

X 'w-' .X . -X. n O f 

B 

-- ■’—*r :—1 -r y 

¥- 

v - v.— rr rj r ~[ z "i 

al 4 7 cr — ~ v J /f *77’ 7 7’ 

•*- A C. ■_ : w* A_ r-fA a A'-‘A 

4 0 0 7 1 rr .0 

A • A- w* As - V 




- *• • r *8 a"™ . *’ ^ 

#% > — «jC. " ^ 4 ^ ^ 1 — ^ T 

- A 4 7' cr 7 .-“ ;"■• A A. r > 7 yl ~7 7 > 

1 7 O'*' •- 

j rr 

4 A 1 8 - 4 .• 


pV "7 /» ~ ~ .-*% J -5 “ 

-- / —t* ?' t / A .- .» 

a*, i 7* A 7 0 7 9 A £1 7 7. £ “ 

^ A A 7 a O w w 7 7.- W t ••-■ w’ -V 

1 70 ■*■; 0 O 7 

j_ 

p* 

Jm'. 

J-A - 1 .- -.j' : J”. -VJ 

_;a -» 7 fl •””< 7” ■» /I 9 y' i *7 -7 4 . 

S 7 1 C7 C ! O j 

m *^i : i / ; , • y jt 


** ►-* *’t w * y i 

A 

v “4 —- r£.n 
- / A i. ? « _J u> 7 

4h 1 p- \ .7 a 1 *—. j ; v > / 4- 

• * i -♦— •* l ■ w 1 a_ ( T pU B , T 

4 “*■ 1 0 0 -f 0 

A A « T .- 


7 7 1 *. .* ** ' ' i 

Jr- 

-7385,204 

y_ -J -T T r~t 't i /l IT C 22 - “? 4 * : 

- 2 - -- -* ; ; -r . . y 4-A r *r -7 

w A*w *■— ‘ »■ A • -A 1 ■■ - — •— A_ 1 C p — *- 4*^ 

4 -T ■» —? .-* -O 

* •' ."* "* ' < • 

—. 

— “ • “ “ *' p '. 

> 

^7350.401 

777 1 1 7 4 3.qq Qi 4 

19 / .4 4 43 

» ^ 



^ f’ • i •*, i *•*“. *! 

W • Aw 

4 f. i 7 1 C’ ^ 743 49 4 Q ” 2 P 

1 7" 1 ^ r . : 9 \J 

X A W T A-. *. ’ww 

? Jr r 
“T 

r"****- ■-T ‘ m_ v .■^*4, 

-s’- 

>t “7 O Z 7 ^ •-“• 

v -J -“v 4 7 00 7 -19 "> O A\ A A- 

“ A x_ A a -A. / A T w ~r _ ? a ' ^ 

4 ”7 i Si ”7 «o 

A •_* A *-. ' p •_• 

: 

/. . /• r- 

*r“r 

-¥-Tv43 v04 

-V- 4 7-* •" ■' “ ^ '. £. Z 1 i,7 D 17 7 

— A A- - ' - e A W — W s i '-i e i. / • 

J 7 4 Op 7-0 

■._/ 

i ^ O ‘"7 r 

v .j ^ 

•A- 

x77nL ~7 

- O a 0 *+ / 

■¥■ 1 7’> 1 1.9'*} 4?Ap *:'lP 

i 7 4 4 9 —. 4 

X **.' 9 X -.J ■ X X 

, ; _ 

* 4 /* 7* 


^ -? 4 / rr r-rp 

x i 4 O /» O 7/1 4.770 A — - 

- - A A •• “r , - • —r 7 r -_-- .- > - . 

< 7 1 O A 4 -1 

J • . ' A • • O a AT 

























ORIGINAL PAGE IS 
OF POOR QUALITY 



27 





























ORIGINAL PAGE IS 
OF POOR QUALITY 



It 


































bjPOp Pc\y(ond 

* "• i. ” ■ *;." ’ ' ’’ r*";* i :wi *_.. ! ' ‘ ' ' *' Li' ‘ •"" <1 *>. — ~ *'._/ * T : r * f~ **. t 







U ? T * 1 .*4 ■ f -J- 


/i je 4 ■ : 


1 - li > r > -t i_ 




A . ■. ‘ -. 






•-• n 




i ~ -ZD A • ■ 


n "~-r r—. -ri - 


^ -_ •_* * ■ * : i 


V i _ t / ii / ; i ,-i 


-a + J* 9 

■%" . ZJ. .*4 


i - : .' ,i 

* .■' ■ i , i ■ 




: t. *_ 


: - 1 * _ . 1 . . 


1 V-v 


i “Er*T= 

-. ._ . 1 / 


7 * * t : 


-i -i ~T 

i. x •_’* 


i '->*=■ cr -; -t — 


_i •— —r ■* .-i “ 

— 1 xl 1 O L 7» i 


1 ~i 7 c x> •_ 




2 4 r : 1 


1 V . »O "T* 


1 “dP? 


t “ . s ■-*! 1— *— • 
i i."TUO * 


-r — : -j ; .-I 


:— 1 1 / ft /t 


‘ ._> = J. _■-■ 


W .- . K _ • / •_ ' 


■= -: j v_* » 1 

_L •_ 1 - - a *" i 


* -r- i \ ' .’ X_ *- X. 

■ . ■ . ■ ! : < r 


•: ! _* -M •_•' 


T A -} 

■‘-r x 

si -t 






r * .»"7 "t 1 C 

-X_ .•■ X ■ X *. 


L -75T 


.* f f > f I f 


*_■ B • _ 


• i .* ■ _»cr W' cr £ 


*i - i - 

t ’ s 


T .*1 . / 


c i cr n f\ 


' '- -j r\ x- 

. i *. ■ “ ■ —i _ 


i *T f( « ’ *1 rl O - : -7 

“ X - 7 i« .L r ■ j!_ ,■ 


.• t i t v / * % 


v i r 


1 -: /l <_ < «*~i >—, j J *V 

-1 3 r •_■ * jL.. ■■_*■ w ir , 


“ 1 QA 


a: ”7 »„* f'- r^?w i- 

r. _* ? V ^ v t M t y ; 


/ L,. s “ * ^ 1 * I, 


! . T. t. 1 v 


♦ i -_ t 'i 


ODiLT' 

* • a — T a— w 1 *,' » ■—■ • " 


-. T -f 


J- 7 T; U.i -r > 


_,■ 1 _ < ’ ■ 

V ; i ; 


■> O 1 r“ o 


~ ■» 70 T 


i r\ cr- 

a. i •_* 1 e W» - 


■ i ; i : 


j.j r \ * + 

t i\ , .• 


i . % \ r i i 


■? ■ 1 f”« fi-i T /. _> 
i x f ■ L r . 


T / ' _^ & lJ 


^ • II M I ! f ^ 


jr.. r 


k r ^ * 'y P*( fy 


#7587 


-f ■■. 


7 nr “ > 

; , I* J 


jT_ 1 < 

t_*- t 


ORIGINAL PAGE IS 
OF POOR QUALITY 


7472.648 


U-t r ' t 


*-.~f / \ 

* ' .- J_ -• ( '_/ '_- 


* /•. . ' - 7 ' ; 

j. w __ -a .* ^ 


C‘ /_ /» ~ •* 


,-j rr -7 


_.* i_ 

1 ^ X 


• 1 i. J- 


i i ~y 7» *_ 1 C7 •: , ~' 1 ~« : _• t~\ i 

• J. ^ .*_•_* • -• a 'JV i 

^I 273.S65 304i,521 


jbL -t X * L.~\ C 

r - X jL •_• “T - C5 J 


\n77i - v 1 7 


xx ■? ■ .'£rc 1 ^ "r 7 ^ 

•*• x - X «_'• -r -_• i f a v x v 

^ i xl*t J * 4/ —• O x *7 : - r a C3 x2 *7 

•r 1235,620 3175. 3S1 

^ f - -?=r -“-r -T--> ■» f: 7.f}R 

• - _ -i.— -^- 1 _ 1 r i./ ^_L g .■ *,* L- 

v* -i 7: 4 CT *—t 7 1 -rr > ^ '""1 >4 r 7r 7 71 

^ix; J. XV x x_ 4- C . ;• 

1 204 . 4^2 “ 77 . 772 

.v. *f i «T-T ~c:~ T-r^ ♦ 5TLi 

•'• X. X . _• m ! _?w — 1 W i « -JOu 

•^1182.804 3360.240 

? ^ 5 /I ?T ng O "*cr 

'■ i .1 X . W a dxJ 


4 7* 4 cr 7 7 \ 


f Q w* x-' ■_• 
* 7 j i ; , x 


JL ---- u» xxr 

1 i 7 ^ r 7 : / 

4 *? CV -V 

t • “ * ? / * . ; t 

t t q o ^ 
x xQwiQi i w 

11824.40 

• » ™ ^ 

*1 ~ /X*; t • 

X X - J O 7 e 


i iTf? 

X *_>•_ / a 

1599. 


# 



















































IS.46323 
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19.14801 
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*6959.147 
*6887.990 
*6815.095 
*6740.397 
*6663.830 
*6585.321 
*6504.796 
*6422.176 
*6337.380 
*6250.318 
*6160.900 
*6069.028 
*5974.600 

*5877.508 
*5777.638 
*5674.867 
*5569.070 
*5460.108 
*5347.840 
*5232.110 
*5112.758 
*4989.610 
*4862.482 
*4731.179 
*4595.490 
*4455.193 
*4310.048 
*4159.801 
*4004.177 
*3842.882 
*3675.600 
*3501.993 
*3321.694 
*3134.308 
*2939.410 
*2736.539 
*2525.195 
*2304.835 
*2074.871 
*1834.661 
*1583.504 
*1320.634 
*1045.213 
*756.3203 
*452.9412 
*133.9589 
*-201.862 


*1159.915 
*1148.056 
*1135.907 
*1123.459 
*1110.698 
*1097.614 
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*1026.881 
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*995.8336 
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*963.0085 
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*852.2017 
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*810.4915 
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*742.6138 
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*612.6893 
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*305.8840 
*264.0270 
*220.2179 
*174.3171 
*126.1710 
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*22.45018 
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3440.353 

3481.860 

3524.380 
3567.952 
3612.615 
3658.410 

3705.381 
3753.573 
3803.036 
3853.820 
3905.978 
3959.568 
4014.649 
4071.283 
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6289.396 
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6576.015 
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7235.482 
7421.548 
7617.4 O’uj 



11559.41 
11517.90 
11475.38 
11431.80 
11387.14 
11341.34 
11294.37 

11246.17 
11196.70 
11145.92 
11093.76 
11040.16 
10985.08 
10928.44 

10870.18 
10810.23 
10748.51 
10684.95 
10619.46 
10551■95 
10482.32 
10410.49 
1 Oc-o-6. o>3 

10259.73 
10180.58 

10098.74 
10014.07 
9926.423 
9835.640 
9741.549 
9643.966 
9542.693 
9437.515 
9328.204 
9214.511 
9096.167 
8972.379 
8844 . 3o3 
8710.184 
8570.058 
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8270.202 
8109.535 
7941.010 
7764.034 
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CALCULATION OF STATIC MARGINS 
FOR SAMPLE MISSIONS 


Calculation of Center of Pressure, >;cp, with 5000 lb Return Payload 



w 

12145.05 






CD 

1.766044 




— 

1 

B 

n osOPTS 

Jmm W 4m W/ 4m • w 





1 

DIA 

62.34128 






1 

33.17110 





1 

xcp 

-5.49291 





1 

r = distance -from reference 

point to 

center 

of mass of section 


m = mass 

of section 






xcm ~ (totl rxm}/(totl m) 




i 

static margin = xcm 

- xcp 




0 

| 


r 

m 

r x m 


totl m totl rxm xcm 

| 


*************************** 


*************************** 


□2 tank 

28 

444.21 

12437.88 


7145.05 216461.6 30.29532 

■ 

H2 tank 

17.5 

342.84 

5999.7 



1 

N2 tank 

8 

358 

2864 



■1 

arobrke 

43 

2300 

98900 


static margin 


structure 

21 

1840 

38640 


************* 

1 

avionics 

T A cr 

o4 . xj 

930 

32085 


35.78823 

■ 

att cntrl 

21.5 

200 

4300 



d 

prop1sn 

o9.5 

530 

20935 



■ 

docking 

1.5 

200 

300 



1 

1 

payload 

0 

0 

0 



| 


r 

m 

r x m 


totl m totl rxm xcm 



*************************** 


*************************** 


02 tank 

28 

444.21 

12437.88 


1 1145.05 19246 1.6 1 7 « 26879 

1 

H2 tank 

17.5 

342.84 

5999.7 



■ 

M2 tank 

8 

7CTQ 

OvJO 

2864 



- 

arobrke 

43 

2300 

93900 


static margin 

■ 

structure 

21 

1840 

38640 


************* 

1 

avionics 

34.5 

930 

32085 


22.76170 

L 

m 

att cntrl 
prop1sn 

21.5 

T q nr 
•j 7 » vJ 

200 

530 

4300 

20935 
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docking 

1.5 

200 

300 


OF POOR QUALITY 

* 

payload 

*~6 

4000 

-24000 



i 


r 

m 

r x m 


totl m totl r xm x cm 

At 

*************************** 


* * ******** * ** * *** ** * * * ***** 

■ 

02 tank 

28 

444.21 

12437.88 


18145.05 128461.6 7.079704 

■ 

H2 tank 

17.5 

342.84 

5999.7 




M2 tank 

8 

358 

2864 



■ 

arobrke 

43 

2300 

98900 


static margin 

■ 

structure 

21 

1840 

33640 


************* 


avionics 

34.5 

930 

32085 


1 P S7PA ■» 

J> «!■— It Vm » 4m -L 

■ 

att cntrl 

t S 

d!»i 4. v w 

200 

4300 

31 


1 

proplsn 

39. 5 

530 

20935 



docking 

1.5 

200 

300 




payload 

-8 

11000 

-88000 































. VOLUME 

I FULL 
3/4 
1/2 
■ 1/4 


CALCULATION OF HYDROSTATIC PRESSURE IN HYDROGEN 

TANK DUE TO ACCELERATION 
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ACC 


H P GAMMA DENSITY PAYLOAD ACTUAL H 

H2 15000 


7.584 1921.738 37.35289 
9.045 1595.991 36.99736 
11.45 1244.822 36.52956 
15.3 910.1733 35.69005 


.0194370 
.0231814 
. 0293452 
. 0392124 


. 0025629 
. 0025629 
. 0025629 
. 0025629 


172.5 

1 "T 

4. 4h. / m w 

86.2 

43. 1 





I 

l 

I 

J 

I 

I 

j 

I 

I 

I 





















PROPELLANT TANK PRESSURIZATION CALCULATION 




Values for Nitrogen 


I gas constant, R = 55.15 ft Ibf/lbm R 
specific beat -ratio, i = 1.4 
initial tank temperature, T450.6 R 

I initial tank pressure, « 2205 psia 
minimum tank pressure, Ij*,** 573.3 psia 
density at f> and T # , = 12.7952 lbm/ft 




Values for Oxygen 
tank volume, V^ = 572.098 ft 


i ■"— v 

5 Values -for Hydrogen 


ORIGINAL PAGE IS 
OF POOR QUALITY 


I 

I 

I 

* 

I 

I 


tank volume, = 1553. B45 -ft 
tank pressure, F^ = 34 psia 

Mass of Nitrogen Needed to Pressurize Oxygen Tank 


m 


(F^/R T„ ){f/Cl 




m 


(22)(144)(572.098) 


(55.15)(450.6) 


1.4 


x 


/ cr t t /nnACi 


m 


137.93 lbm 


; Mass of Nitrogen Needed to Pressurize Hydrogen Tank 
I m - (F^V^/R T. ) C Y/C 1 - iP^/P 0 ) 3> 

« (34)(144)(1553.345) 1.4 

" (55.15)(450.6) 1 - 


M.t wim “■ *♦ (mm mi tmmm ■ I 


(573.3/2205) 


I 

I 

I 

1 

I 


m 


579.174 lbm 


Total Nitrogen Needed to Pressurize Propellants 
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m = (137.93 + 579.174)1bm = 717.154 lbm 
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m/ ? . = (17.154 lbm) / (12.7952 lbm/ft ) 


= 56.0487 ft' 


S3 

























